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PRELIMINARY ASSESSMENT Oi THE
NUTRIENT FILM TECHNIQUE FOR
WASTEWATER TREATMENT

John R. Bouzoun and Antonio J. Palazzo

INTRODUCTION provide an excellent site on which the bacteria that
will oxidize the soluble fraction of the organics can

The nutrient film technique (NFT) is best described attach themselves.
as a modified hydroponic system in which a thin film
of nutrient solution flows through the root mat of Purpose
plants growing without soil on an impermeable and The purpose of this report is to present the re-
slightly inclined surface. The major difference be- suits of an experiment conducted at CRREL to de-
tween an NFT system and a hydroponic plant system termine the feasibility of using the nutrient film tech-
is in the depth of the nutrient solution. In the NFT nique to treat primary sewage effluent while pro-
the depth of the nutrient solution is not more than a ducing a usable crop.
few millimeters, whereas in hydroponic systems the
entire root system is commonly submerged in the Scope
nutrient solution. The experiment discussed in this report was con-

The NFT had its beginning as a research technique ducted on a pilot scale from February through June
in 1966 and was developed for commercial use in of 1980. During that period, primary effluent was
subsequent years by Dr. Alan J. Cooper at the Glass- applied at three volumetric loading rates to an NFT
house Research Institute in England (Cooper 1976). test unit containing reed canarygrass. Grab samples
As a result of his research, Cooper (1974) has stated of the applied wastewater and the NFT effluent were
that the slope of NFT units is not critical but should analyzed for biochemical oxygen demand (BOD),
be at least 1%. He has also reported (Cooper 1978) suspended solids (SS), and nutrients. The reed canary-
that it is possible to successfully raise tomatoes with grass was harvested six times during the study to de-
ambient air temperatures as low as 7°C as long as the termine its quantity and quality. This report presents
nutrient solution remains warm (25.5°C). Researchers the data collected during the experiment and a brief
have also shown that excellent crop yields are possi- discussion of the removal of the various wastewater
ble at low nutrient levels. Windsor and Massey (1978) parameters that were measured. Subsequent studies,
reported that tomatoes grown in a nutrient solution currently underway, are designed to give a more com-
with 10 parts per million of nitrogen were as vigorous plete understanding of removal mechanisms and to
as those grown in a nutrient solution with 85 parts develop initial engineering design criteria.
per million of nitrogen. They also reported that root
growth was actually increased at the low nitrogen
levels. MATERIALS AND METHODS

Two characteristics of the N FT make it a poten-
tially attractive process for wastewater treatment. NFT units
The first is the thin layer of nutrient solution (waste- Our initial work with the NFT began with the
water) that passes through the root mat, which allows construction and installation of the trays and plumb-
the rate of oxygen diffusion into the wastewater and ing in the CRREL greenhouse in late November 1979.
to the plant roots to be high enough that nutrient Two trays, each 6.1 m long, 0.6 m wide, and 0.5 m
uptake is not inhibited. The second characteristic deep, were constructed from plywood and lined with
is that the root mat acts as a very effective filter of heavy plastic. The combined surface area of both
the nonsoluble fraction of the oxygen-demanding trays was 7.4 M2 . The trays were placed at a slope
substances and nutrients in the wastewater. Also of 5% in such a way that the runoff from the first
the portion of the root mat in the wastewater should tray flowed onto the high end of the second tray

(Flg,1).



Figure 1. CRREL experimental NFT unit.

A submersible pump in an outdoor storage tank Wastewater application rates
pumped the wastewater into the greenhouse and on- During the study three different wastewater appli-
to the NFT unit. An industrial timer, capable of cation volumes were used, as shown in Table 1. These
providing both on and off times ranging from zero daily application rates of 378.5, 757.0, and 1514.0
to 60 minutes, controlled the wastewater delivery L/day are equal to 5.1, 10.2 and 20.4 cm/day re-
pump and hence the application schedule to the NFT spectively on the surface of the unit.
unit. We installed a ball valve and a flowmeter in
the influent line ahead of the point where it dis-
charged onto the NFT unit, which enabled us to Table 1. Wastewater application schedule
measure and adjust the volume of wastewater pumped and daily volumes (wastewater was applied
onto the unit during each cycle. 24 hr/day, 7 days/week).

The effluent from the NFT ran into a trough at
the end of the second tray and was collected in a Flow Onloff time Daly volume
holding tank. A float-actuated submersible pump Dates (L/mln) (rIn) (L)
discharged the effluent from this tank, through a 18 Feb 80-11 Apr 80 3.2 5'50 378.5
flowmeter and back into the sewer. The flowmeter 12 Apr 80-13 Jun 80 3.2 10/50 757.0
allowed us to measure both the quantity and rate 14 Jun 80-25 Jun 80 3.2 20/40 1514.0
of runoff from the unit.

During late November 1979 reed canarygrass sod
was cut from an established stand at Cornell Uni- Wastewater sampling and analysis
versity in Ithaca, New York, and delivered to CRREL. Between 21 February and 25 June 1980, grab
The roots were washed to remove the soil, and the samples of the applied wastewater and the effluent
sod was placed in the NFT trays and kept moist with were taken three times per week and analyzed for
tap water until the plumbing and electrical work was BOD. During the same time period, samples were
completed. Wastewater application began on a daily analyzed twice per week for total suspended solids
basis on 15 February 1980 and continued, with a few and once per week for volatile suspended solids and
interruptions due to mechanical failures, until 25 fecal coliform bacteria. From 15 February through
June 1980. 12 May 1980, biweekly samples were analyzed for

2
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nitrogen and phosphorus. Throughout the study, the study. Table 2 gives the characteristics of the
the flow, temperature, pH and turbidity of the pplied wastewater.
applied wastewater and the effluent were measured
five times per week. The maximum and minimum Water volumes
greenhouse temperatures were recorded daily. Twice The daily variability of the volume of applied
during the study, on 3 and 8 April, the applied waste- wastewater can be attributed to clogging of the ball
water was spiked with several volatile trace organic valve used to control the flow rate of wastewater onto
compounds; samples were collected at the point of the system and clogging of holes in the distribution
application, the midpoint, and the end of the unit, pipe with solids. The influent and effluent flow
and were analyzed for these substances. meters were also affected several times by solids

during the study.
Reed canarygrass harvests

The reed canarygrass was harvested six times BOD removal
during the study on the following dates: 3 March The influent and effluent BOD data are plotted
1980,18 March 1980, 11 April 1980, 1 May 1980, in Figure 2. Between days 7 and 132 we estimate
22 May 1980, 17 June 1980. The grass was cut that 6910 g of BOD (73.8 kg/ha day) was applied
back to a height of approximately 5 cm, and the to the system and 1281 g was present in the effluent.
cuttings were weighed to determine their fresh weight. This gives a mass removal of BOD of 81%.
Two fresh subsamples from each tray were weighed, On 6 and 7 March we ran BOD analyses on both
dried in an oven and reweighed to obtain the per- filtered and unfiltered samples of the applied waste-
centage moisture and the dry weight yield from the water and the effluent. The results are given in Table
entire unit. A sample of this dry plant matter was 3. On 6 March, based on concentrations, the soluble
then analyzed for protein, nutrient, cation, and BOD was reduced 87% and the nonsoluble BOD was
metal content, reduced 92%. On 7 March, again based on concentra-

tions, the soluble BOD was reduced 79% and the non-
Analytical methods soluble BOD was reduced 95%.

Wastewater samples were analyzed by the methods
presented in Martel et al. (1982) and Jenkins et al. Total suspended solids removal
(1981). The grass samples were analyzed according The total suspended solids data are plotted in
to Liegel and Schulte (1977). Figure 3. Between days 8 and 127 approximately

5882 g of total suspended solids (65.0 kg/ha day) was
applied to the system and 1478 g was present in the

RESULTS effluent. This represents a mass removal of approxi-
mately 75% of the total suspended solids applied to

Data the system.
Appendix A contains the data collected during

Table 2. Characteristics of applied wastewater.

Standard Number of
mean deviation measurements

Temperature, °C 11.1 2.5 77
pH 7.0 0.5 77
Turbidity, ITU* 45.8 20.6 77
Total suspended solids, mg/L 98.8 86.2 40
Volatile suspended solids, milL 87.5 71.0 17
BOD5 , mg/L 110.0 58.8 42
F. coliform, colonlesJ100 mL 7.9X IO 4.2X 105 13
Total P as P, milL 6.1 2.3 21
Phosphate as P, mg/L 6.0 1.8 22
Total N as N, ml/L 34.7 11.8 22
Ammonium as N, ml/L 27.7 8.7 22
Nitrate as N, milL 0 0 22

*Jackson turbidity units
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Table 3. Total, soluble, and nonsoluble BOD.

Applied wstewter BOD (m&l) Effluent BOD (MgL)
Date Total* Solublet Non-soluble" Total* Solublef Non-soluble"

6 March 130.5 69.0 61.5 14.1 9.2 4.9
7 March 225.0 58.5 166.5 19.8 12.3 7.5

Non-filtered
SFiltered

**Non..filtered minus filtered

300-

Influient

100

Effluent

0 501015
Time (days)

Flpure 3. In fluent and effluent total suspended solids.

Nitrogm removal moval of 29.9%. Of the 370g removed, 241 g (4.2
The total nitrogen data are plotted in Figure 4. kg/ha day) was not accounted for. The balance of

As shown in Table 4, 1239 g (22.4 kg/ha day) of 129 g (2.2 kg/ha day) was in the harvested portion
total nitrogen was applied to the system between of the reed canaryorass.
days 11I and 88, and 3705g(6.4 kg/ha day) was re- During the same time period 993 g of ammonia
moved by the system. This gives an overall mass re- nitrogen was applied to the system and 655 g was
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Figure 4. Influent and effluent total nitrogen.

Table 4. Total nitrogen budget, days 11 through 88.

Mass loading Mass loading rate Percent of Percent of

(g) (kg/ha day) applied remowd

Applied 1239 21.4 100.0 N/A
Runoff 869 15.0 70.1 N/A
Removed 370 6.4 29.9 100.0

Unaccounted for 241 4.2 19.5 65.2
Plant harvest 129 2.2 10.4 34.8

present in the runoff. This represents an overall mass removed, 26 g (0.5 kg/ha day) was not accounted
removal of 34%. for, and 18 g (0.3 kg/ha day) was in the harvested

The applied wastewater did not contain any ni- portion of the reed canarygrass.
trate nitrogen. The nitrate nitrogen concentration During the same time period 164 g of orthophos
in the effluent was between 0 and 10 mg/L. Approx- phate was applied to the system and 18 g removed to
imately 134 g of nitrate nitrogen was present in the give an overall mass removal of 10.9%.
runoff from the system during the same time period.

Between days 11 and 88 approximately 246 g of Fecal coliform removal
organic nitrogen was applied to the system and 80 g The fecal coliform counts of the applied waste-
remained in the effluent. This results in a mass re- water and effluent are plotted in Figure 6. Generally
moval of 67.5%. the fecal coliform count was reduced 90% or more.

The fecal coliform counts in the effluent were in the
Phosphorus removal tens of thousands.

The total phosphorus data are plotted in Figure 5.
As shown in Table 5, 212 g (3.7 kg/ha day) of total Removal of volatile trace orpnics
phosphorus was applied to the system between days The results of two experiments to determine the
S11 and 88, and 44 (08 kg/ha day) was removed to ability of the experimental NFT unit to remove vol.
give an overall mass removal of 20.8%. Of the 44 g atile trace orpnics are given in Table 6.

S
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Figure 5. In fluent and effluent total phosphorus.

Table 5. Total phosphorus budget, days 11 through 88.

(9 kladay) applied removed

Reoe 4082. 100.0
Unaccounted for 26 0.5 12.3 59.1
Plant harvest 18 0.3 8.5 40.9

ZI16

0

0

0 50 10015
Time (days)

Figure&6 In fluent and effluent fecal coliforms.

6



Table 6. Removal of volatile trace organics (jlg/L).

3 April 1980 (379 Lldoy) 8 April 1980 (757 Llday)

Substance Applied 1/2 Runoff Applied 112 Runoff

Acetone 22.9 12.8 4.37 - -

Benzene 4.91 0.70 bd - -

Chlorobenzene 10.4 bd bd - -

Chloroform 33.2 14.6 7.53 56.8 22.4 4.6
Ethyl acetate 2.97 bd bd - - -
Methylene chloride 3.22 0.54 bd - - -

Methyl chloride - - - 12.5 7.5 1.5
Pentane 1.89 0.41 bd - - -
Tetrachloroethylene 2.09 0.31 bd 12.3 2.3 0.3
Toluene 71.0 26.6 0.47 16.4 5.0 0.3
1,1 dichloroethane - - - 24.3 10.0 1.9

bd, below detectable limits

Reed canarygrass yields kg per hectare per day.
Table 7 gives the fresh weight yields, the percent- The total digestible nutrient content, the crude

age dry matter, the dry weight yields, and the daily protein content, and the yields of crude protein in
growth rates of the reed canarygrass during each the reed canarygrass during each harvest period are
growth period. The harvested reed canarygrass con- given in Table 8. The concentrations of total digest-
tained an average of 13.5% dry matter. Its growth ible nutrients and crude protein averaged 80.7 and
rate ranged from 23.8 to 56.2 kg dry matter/ha day 35.1% respectively. The yields of crude protein ranged
with an average growth rate of 40.9 kg dry matter/ha from 8.8 to 19.3 kg/ha day with an average of 14.2
day. The daily growth rate more than doubled from kg of crude protein/ha day.
the first harvest on 3 March 1981 to the next to the The nutrient concentrations of the reed canarygrass
to the last harvest on 22 May 1981. Then, during the are given in Table 9. The nitrogen concentration in
last growing period, the growth rate declined to 35.5 the harvested portion of the reed canarygrass ranged

Table 7. Yields and growth rates.

Harvest Days of Fresh weight Percent dry Dry matter Growth rate

date growth yield (g) matter yield (g) (hglha day)

4 Feb 80 - - - - -

3 Mar 80 28 3402 14.5 493 23.8
18 Mar 80 15 2949 13.3 392 35.3
11 Apr 80 24 6609 12.5 826 46.5
1 May 80 20 5990 12.0 719 48.6

22 May 80 21 6570 13.3 874 56.2
17 Jun 80 26 4361 15.5 676 35.1

13.5± 1.3 40.9t 11.7

Table 8. Total digestible nutrient and crude protein concentrations.

Harvest Total digestible Crude Crude protein Crude protein
date nutrients (9) protein (M) yield (g) yield (kg/ha day)

2 Mar 80 74.1 37.2 183.0 8.8
18 Mar 80 72.7 38.5 150.2 13.5
11 Apr 80 - 35.3 291.6 6.5

1 May 80 33.8 242.7 16.3
22 May 80 88.6 34.6 301.0 19.3
17 June 80 83.7 30.9 212.0 11.0

7



Table 9. Nutrient, cation, and metal content of the reed canarygpass (1980).

N(%) P(%) K(%) S(%) Ca(%) Mg(%) 8(ppm) Zn(ppm) Mn(ppm) Fe(ppm) Cu(ppm) Mo(ppm) Co(ppm)

3 Mar 5.89 0.76 4.00 0.49 0.46 0.23 27.4 50.1 380.6 437.2 19.9 <2.1 <1.8

18 Mar 5.94 0.74 4.20 0.51 0.35 0.20 20.0 55.1 365.4 196.1 16.5 <2.1 <1.8

11 Apr 5.96 0.70 4.14 0.44 0.40 0.22 10.9 61.0 341.3 202.4 23.3 <2.1 3.5

1 May 5.41 0.71 4.03 0.46 0.45 0.25 11.9 68.8 234.5 205.5 22.5 <2.1 3.3

22 May 5.10 0.58 2.95 0.46 0.51 0.23 9.9 47.3 272.7 183.6 13.1 <2.1 <1.8

17 Jun 4.46 0.58 3.66 0.48 0.69 0.28 21.0 55.4 199.7 223.2 15.6 <2.1 <1.8

Avg. 5.46 0.68 3.83 0.47 0.48 0.23 16.9 56.3 299.0 241.3 18.5 <2.1 <2.3

Table 10. Nitrogen uptake by reed canarygrass. it is important to mention several factors that in-

fluenced the overall performance. Both the daily
Harvest Nitrogen Nitrogen uptake Nitrogen uptake volumes of wastewater applied to the system and the

date (%) (g) (kglha day) pollutant concentrations fluctuated significantly.
3 Mar 80 5.89 29.0 1.4 These variations negated the possibility of any ex-
18 Mar 80 5.94 23.2 2.1 tended steady-state loading periods during which
11 Apr 80 5.64 46.6 2.6
1 May 80 5.41 38.8 2.6 kinetic rate data could be developed.
22 May 80 5.10 44.4 2.8 It is also important to consider that the mean
17 Jun 80 4.46 30.6 1.6 temperature of the applied wastewater during the

experiment was only 11 .I°C, and that the study was
conducted during the winter and spring months when

Table 11. Phosphorus uptake by reed canarygrass. the daily photoperiods were relatively short. These
factors taken together represent a worst case situation.

Harvest Phosphorus Phosphorus Phosphorus uptake
date (%) uptake (g) (kg/ha day) BOD removal

3 Mar 80 0.76 3.7 0.18 As shown in Table 3, the removal of the nonsoluble
18 Mar 80 0.74 2.9 0.26 fraction of the BOD due primarily to filtration by the
11 Apr 80 0.70 5.8 0.33
SMay 80 0.71 5.1 0.34 plant roots and, to some degree, sedimentation due

22 May 80 0.58 5.1 0.34 to the shallow depth of the wastewater was greater
17 Jun 80 0.58 4.0 0.21 than the removal of the soluble BOD due to micro-

biological oxidation by the microorganisms attached
to the plant roots. We anticipate that warmer waste-

from 4.46 to 5.96%, with an average of 5.46%. Dur- water temperatures will increase the rate of microbial
ing the study the nitrogen uptake rates ranged from oxidation.
1.6 to 2.6 kg nitrogen/ha day, with an average of 2.2 The overall mass reduction of total suspended
kg/ha day (Table 10). solids of 75% is also very good. The removal of sus-

The phosphorus concentration in the reed canary- pended solids was due to filtration by the root mat
grass ranged from 0.58 to 0.76%, with an average of and sedimentation. Jenkins et al. (1980) and Martel
0.68% (Table 9). The rate of phosphorus uptake et al. (1980) have both demonstrated the relationship
ranged from 0.18 to 0.34 kg/ha day, with an average between solids and BOD removal for the overland
of 0.28 (Table 11). flow system at CRREL. Figure 7, taken from Martel

As with nitrogen and phosphorus, the concentra- (1980), shows that the rapid decrease in suspended
tions of other elements for which the reed canary- solids concentration within the first few meters of
grass was analyzed are considered to fall within the the overland flow slope is closely paralleled by a rapid

general range necessary for plant growth (Allaway reduction in BOD concentration. After this abrupt
1968). No visual symptoms of deficiencies or tox- drop, further removal of solids is just about negligible
icities were noticed during the study. while BOD removal, due primarily to microbiological

oxidation, continues at a much slower rate. We be-
lieve that the same type of performance should be

DISCUSSION expected in the NFT unit. A buildup of solids did
occur within the first meter or so of the NFT unit,

General and as previously mentioned, soluble BOD was re-
Before discussing the results of this experiment, moved less effectively than nonsoluble BOD.

'8 1I I
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(A) ToaW on a dry weight basis was 40.9 kg/ha day (Table 7)
t(J Vo lha and the average concentrations of crude protein and

Itotal digestible nutrients were 35.1 and 80.7% re-
spectively (Table 8), which would indicate that the. - reed canarygrass was utilizing the nitrogen very effec-Itively and efficiently.

Phosphorus removal

Table 5 shows that harvesting the reed canarygrass
o Iaccounted for 8.5% of the total phosphorus that was

S I I tapplied to the system and 40.9% of the total phos-
phorus that was removed by the unit. The mass of
total phosphorus unaccounted for represents 12.3%
of the amount applied to the system and 59.1% of
the total phosphorus removed by the system.

8The 26 g of total phosphorus not accounted for
U was most likely incorporated into the roots of the

reed canarygrass, used as a microbial substrate, and
removed along with the solids.

1 I1 The average daily loading rate of 3.7 kg total phos-
phorus/ha gives a yearly rate of 1350 kg/ha. This

Dowuelps u t 4m) loading rate is far greater than the yearly phosphorus

loading rate at most land treatment or aquaculture

Figure 7. Concentration of BOD and suspended sol- wastewater treatment systems. Also the average

ids vs downslope distance (from Martel et al. 1980). phosphorus concentration of the harvested reed can-
arygrass was 0.68%, which is very high, and indicates
that the reed canarygrass utilized the applied phos-

Nitrogen removal phorus very effectively, and simply did not require

As shown in Table 4, harvesting the reed canary- additional phosphorus to sustain itself.

grass accounted for 10.4% of the total nitrogen
applied to the system and 34% of the total nitrogen Fecal coliform removal
removed by the unit. The mAss of unaccounted-for The removal of fecal coliform bacteria was most

total nitrogen represents 19.5% of the total nitrogen likely due to the filtration of the solids. Other mech-

that was applied to the system and 65.2% of the total anisms, such as desiccation during the drying cycles,

nitrogen removed by the unit. predation by higher forms of microorganisms, and

The 241 g of nitrogen that cannot be accounted exposure to ultraviolet radiation, may have then con-
for is very close to the 246 g of organic nitrogen that tributed to their reduction.
was applied to the system. Because organic nitrogen
is contained primarily in the cellular material of the Volatile trace organics removal

bacteria and other volatile solids in the wastewater, The results of the two experiments given in Table

a large fraction of this unaccounted-for nitrogen was 6 show excellent removal of the volatile trace organ-

probably removed from the wastewater along with ics added to the applied wastewater. In both experi-

these solids. Also a fraction of the unaccounted-for ments the concentration of every organic compound
nitrogen was in the root tissue of the reed canary- was reduced more than 90% as it passed through the
grass. Other mechanisms such as volatilization of experimental unit. Several were reduced below the
ammonia and denitrification of nitrate nitrogen may detectable limits of the analytical equipment. There
have also contributed to the removal of nitrogen. are several mechanisms that could have been respon-

The average daily mass loading rate of 21.4 kg sible for the reductions in the concentrations of these

total nitrogen/ha (Table 4) gives a yearly loading trace organics. However, based on previous work

rate of greater than 7800 kg/ha (assuming year-round with trace organics removal by overland flow (Jenkins

operation of the system), which is considerably et al. 1981) and the similarities between the NFT
greater than the yearly nitrogen loading rate of most and overland flow, we feel that volatilization was the

land treatment and aquaculture wastewater treatment most likely mechanisms. Additional studies will have

systems. Also, the average yield of reed canarygrass to be conducted to confirm this and to determine the
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kinetic rate constants for the removal of the various 4. The nutrient film technique can produce a
organic compounds. large amount of very high quality forage grass,

even during periods of short daylight
Reed canarygrass Even though this first study of using the NFT to

The reed canarygrass served four major purposes. treat primary wastewater has demonstrated the feas-
First, its roots filtered the solids out of the applied ibility of the concept, many questions must be an-
wastewater. Second, its roots served as a site for swered before any large-scale use of the NFT con-
microorganisms to attach themselves. Third, it uti- cept is implemented. Among these are
lized the nitrogen and phosphorus in the applied 1. What will be the costs (both capital and oper-
wastewater for its growth. Fourth, the harvested ating and maintenance) of an NFT wastewater
grass was a usable forage crop. treatment facility and how will they compare

The average growth rate of the reed canarygrass to those of conventional treatment systems?
of 40.9 kg dry matter/ha day was very good. The 2. What types of crops can be grown with the NFT?
exact reason for the decline in the growth rate prior 3. What is the longevity of a specific crop?
to the last harvest is not known. Two possible causes 4. Will certain crops be better than others in re-
are heat stress due to very high greenhouse tempera- moving certain pollutants from wastewater?
tures in the late spring and the thickness of the micro- 5. Can equations be developed to predict the re-
bial slime on the roots that prevented the nutrients moval rates of specific pollutants as a function
in the wastewater from reaching the roots. Further of the hydraulic loading rates and pollutant
studies will have to be conducted to determine if concentrations in the applied wastewater?
the late decline in growth rate will be a recurring 6. What will be the energy budget of an NFT in-
problem, and if it is, what the possible solutions are. stallation?

The average concentrations of total digestible 7. What are the effects of air temperature, light
nutrients and of crude protein which were 80.7 and intensity and duration, and wastewater temper-
35.1%, respectively, are considerably higher than the ature on pollutant removal rates?
standard of 65% total digestible nutrients and 15% 8. What are the differences, in terms of system
crude protein, above which is considered to be ex- performance, between applying a given volume
cellent quality hay (Barnes 1975). of wastewater per day continuously or inter-

The concentrations of the nitrogen and phosphorus mittently?
in the reed canarygrass were considerably higher than
what is found in the grass harvested from sites irri-
gated with wastewater. The average daily uptake LITERATURE CITED
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